WO 03/082868 



PCT/GB03/01H2 



10 



7 _ AZ AINDO LE S AS INHIBITORS Or C-OUN N- TERMINAL KINASES POR THE TREATMENT O, 
NEURODEGENERATIVE DISORDERS 

The present invention relates to nove, 3,5-snbstitu.ed 7-azaindole compounds 
th eir use in the inhibition of c-Jun N-terrnina, kinases, their use in medicine and 
5 particu,ar,y in the prevention and/or treatment of neurodegenerative borders 
rel a.ed to apoptosis and/or inflammation. The invention also provides processes 
for manufacture of said compounds, compositions containing them and 
processes for manufacturing such compositions. 

c-lun N-termina, kinases (hereinafter referred to as TWO are members of the 
^ogen-activated proKin kinase (MAPK) family. INKs are involved m 
response to various stimuli, including proinflammatory cy.ok.nes and 
environmental stress. JNKs, and JNK3 in particu,ar, pla, an important role 
during apoptotic death of cells and therefore have been implicated in vanous 
disorders including stroke, traumatic brain injury and other neurodegenemrive 
diseases snch as Parkinson disease, Alzheimer disease and others. Smce INK 
activity is a physiological regnlator of AM transcriptional activrty, JNK 
inhibitors are expected to reduce inflammatory response. 

Apoptosis is a form of cell death in which the cell actively participates in its own 
destruction in a process involving a characteristic series of biochenncal and 
m orpho,ogica, changes which are related by specific cell death gene, The 
apoptotic eel, death is a process that has been observed in the deve opmg 
JLmmalian nervous system. In mice, the innovation by homology 
combination of genes mat encode proteins that promote apoptosis, such as the 
caspase-3 or the Bax protein, prevents deve,opmen.al neuronal cell death. The 
destruction of genes that encode cel. death suppressors snch as Bo,,, leads to 
enhanced neuronal eel, death. There is increasing evidence mat apop.osrs p,ays 
an important ro,e in the pathology of acute and chronic neurodegenerative 
diseases. For example, in transgenic mice overexposing tire anu-apoptotrc Bcl- 
2 protein in tire nervons system there is a decrease in infarct volume foUowmg 
celbra, ischemia. Similarly, injection of the caspase inhibitor BAF reduces 
neuronal eel, death following hypoxia/ischaemia in neonatal rat, Another 
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example is spinal muscular atrophy (a motor neurondisease) where loss of 
taction mutations in the SMN gene is associated with the disease. Recent data 
has shown tat .he wild type SMN protein binds to Bel-2 and co-operates wrth ,t 
to inhibit apoptosis. These results suggest tat inhibitors of neuronal apoptosrs 
5 c„»ld be beneficial in the treatment of human neurodegenerative diseases. There 
is increasing evidence tat neuronal apoptosis is an important pa.holog.cal 
feature of stroke, traumatic brain injury and other neurodegenerative taeases. 
Therefore, pharmacotherapy using inhibitors of neuronal apoptosis may prov.de 
a therapeutic benefit in neurodegenerative conditions. 

A number of groups have studied the mechanisms of neuronal cell death nsing in 
vim, cell culture systems and the results suggest tat in some sys.ems the 
transcription factor c-Jnn is activated by the removal of snrvival signals a*d 
promotes cell death. 

Antibodies specific for c-Jun protected NGF-deprived rat sympathetic neurones 
from apoptosis. Analogous neuroprotection due to expression of a c-Jun 
dominant negative mutant has been demonstrate* whereas overexpression of 
wild type c-lun protein was sufficient to induce apoptosis in the presence of 
NGF Bstus and co-workers recently showed that an increase in c-Jun RNA 
,evels occurs in cortical neurones undergoing apoptosis after treatment with p- 
amyloid peptide (Estus ex al., 1997, J. Neurosci. 17, 7736-7745). It has also 
been shown tat c-Jun is required for apoptosis in cerebellar granule neurones 
deprived of survival signals. 
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c-Jun is activated by JNKs, which phosphorylate its transcriptional activation 
domain. In humans tare are three JNK genes : JNK1, JNK2 and JNK3. The 
RNAs encoding JNK1 and JNK2 are expressed in many tissues, includmg the 
brain, but JNK3 is restricted to the nervous system and to a smaller extent (he 
30 heart and testes. 

INKS are strongly activated in cellular responses to various stresses such as UV 
radiation, hea, shock, osmotic shock, DNA-damaging agents, and 
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» ttotj/v TL-lB and others. Upstream 
proinflammatory cytokines such aa TNFa, E. IP 

r egula,ors of the JNK pathway include kinases auch aa SBD. MKK 
So. The, ia evidence that Tun kinase activity is r^imd for neoron. 

in *ro. Overezpression of MEKK1 in acetic neurones 
5 i led c-Tun protein .evefs and phosphorylation and induced - ^ 
pre aence of NGF indicating Una, activation o, the fun kinase paUiway can mg « 
Lona, eeli death. The fun kinase pathway haa heen shown tobe necessary foe 

CEP-1347 which inhibits the c-fnn pathway (upstream of fun kinase), protect 
10 motornev^onesagainateendeaftinducedbyanrvivaifactorwithdrawal. 

In JNK3 homozygous (-/-) knockout mice, epileptic seizure, and dea* of 
hippocampa, CA3 neurones induced hy injection o, kainic acid ,s blocked. Th 
^LxNKSisinvofvedmc^nfonn.ofne^cendea*^. 

15 is .so a critical component of GluKc-mediated ex— y. 

JNK3 W ™ce appear to develop normaily and am viable suggesting mat fNK3 
is not essential for development or viability. 

Strong nnclear TNK3 immunoreactivit, in the brain CA. neurones of patients 
-* - 1 acute- hypoxia -suggests- mat-fNKB- is involved in 

neurodegeneration. Transient hypoxia, may also trigger apoptosis through fNK 
signaling pathway in developing brain neurones. 

Furthermore, INK3 inimunoreactivity is colocalized with Alzheimer diseaae- 

25 Ttfed neurones. Moreover TNK3 is related to nenrofibriUary pathology o 
25 affected « ^ ^ sfhotylatloa „f 

Alzheimer disease, fn particular, ji-uvj 

^.oidprecnrsorpm.einfAPDmnsaffecbng^metabolismmd.sease state. 

The present inventors have provided compounds which are inhibitors of c-fun 
30 N-terminal kinases. 

The present invention mla.es toa compound of formola (I) aa defmedbelow 
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CO 



wherein 

5 r aands for earbocycly., substituted carbocyciyl, heterocyely., or substituted 

h eterocye,yl group is optional* fused to an unsaturated, partly 
unsaturated or folly saturated five to seven tnenrbered ring eontanung 

10 zero to three heteroatoms, 

eaeh subs— carbon atonr in R, including the opfona, fused nng. 
optionaliy and independently substituted by one or nrore o C,, 2 alM, 
u , l or heterocvelyl halogen, haloalkyl, OR , SR 2 , N0 2 , CN, 

*i,'c«V, s<o^, sonh 2 , s(o>r 2 , so 2 nr 2 r 2 , mW, 

15 . herein eaeh R 2 tnay be the same or different and is as define, belo* 

and wherein: . _.wo 

. the C, 12 alkyl optionally incorporates one or two ^» 
selected from the group consisting of -O, -C(0)-, -N(R )-, -S(0> 
and -S(0 2 > wherein each R 2 may be the same or different and ,s 



20 

as defined below; 



25 



as dennea ociuw, 

me C„, aDcyl, earhoeyely,, or heterocydyl group is opUonaHy 
substituted by one or more of halogen, haloalkyl, OR , SR ,N0 2 
CN NR 2 R 2 , NR 2 COK 2 , NR 2 CONR 2 R 2 , NR 2 COR 2 , NR CO* , 
CO* 2 COR 2 , CONR 2 R 2 , SCO)* 2 , SONH2, S(0)R 2 , S0 2 NR R , 
NR 2 S(0) 2 R 2 ; rvherein eaeh R 2 may be the same or different and 
is as defined below and 

the carboeyelyl, or heteroeyelyl group is optionally substituted by 
one or more C1-12 alkyl, 
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each saturated carbon in tire optional fused ring is «f 
dependent,, —ted b, =0, =S ™>, ™** • ^ 
-NNHCOR 2 , =NNHC0 2 R 2 , =NNS0 2 R 2 , or =NR 2 , wherem eaoh R may 

be the same or different and is as defined below; and 

tnffl t, is optionally substituted by K , 
c each substitutable nitrogen atom in R is opuon y 

5 eacns> and R 3 may be the same or 

COR 2 , S0 2 R 2 or C0 2 R 2 , wherein each R and K may 

different and is as defined below; 
R . is hydrogen , C.aalkyl or aryl, optionaU, substituted by one or moreof 
cjaficy., halogen, O. haloalkyl, OR*. SR*. NO, CN NRR, 
m'COR* NR<CONRV, NR<COR\ H«W, CO* COR 
ZZ, m*. SONHa, SCO)R<, SC N*V, ^,w = 

- c„ « o P hon ? rr — — — 

selected from the group cons.st.ng of -0-, -NCR ) W 
whemineachR'maybeme same ot differ andis as defined^ 

1S R> isCr.aalkyloraryl.opfionallysubsfim.edbyoneormoreof^aiW 

halogen Cm haloalkyl, OR', SR\ NOa, CN, NRV, NR COR 

SONHa S(0)R 4 , SO, NRV, NR wherein the C„a aficyl group 
Z«-s one or two inserfions selected from 

-- 20 - ^g-of-o-r-NCRV^o)--^^— 

the same or different and is as defined below, 
r 4 is hydrogen, Cwalkyl, or C M haloalkyl; 

r. is C„a alM, C,,a alkenyl, C,,a alkynyl, carbocyclyl or heterocyclyl, 
25 each of which is optionally substituted, wherem: 

the optionally substituted carbocyclyl or heterocyclyl group , 
optionally fused to one to three unsaturated, partially unsaturated 
or my saturated five to seven membered rings containing zero to 

three heteroatoms, _ 
each substimtable carbon atom in R' , including the optional fused 
ring, is optional and independently substituted by one or mote 
of c...a alky., C,a cycloalky,, C« 

heteroaryl halogen, haloalkyl, OR , SR>, NOa, CN, NR , 
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NtfCDR?. nr 2 conrV, nr 2 cor 2 , nr 2 co 2 r 2 , co 2 r 2 , cor 2 
conr 2 r 2 , s(o).r 2 , son*. s(o)r*. so 2 hrW. nr s ( o) 2 r 

wh erein each R 2 may be the same or different and is as defined 

above and wherein: 

the CMa alkyl group optionally incorporates one or two 
insertions selected from the group consisting of -0-, - 
C(OK -N(R 2 )-, -S(0> and -S(0 2 )-, wherein each R may 
be the same or different and is as defined above; 
the C M2 alkyl, C» cycloalkyl, C W2 heterocycloalkyl, 
aryl, or heteroaryl groups are optionally substituted by one 
or more of halogen, haloalkyl, OR 2 , SR 2 , NQ 2 , CN 
NR 2 R 2 NR 2 COR 2 ,NR 2 CONR 2 R 2 ,NR 2 COR 2 ,NR CG 2 R , 
COaR 2 , COR 2 , CONR 2 R 2 , S(0)aR 2 , SONH 2 , S(0)R 2 , 
S0 2 NR 2 R 2 , NR^O)* 2 , wherein each R 2 may be the 
same or different and is as defined above; and 
the Cwa cycloalkyl, Cwa heterocycloalkyl, aryl, or 
heteroaryl groups are optionally substituted by one or 
more Ci_i 2 alkyl groups; 
each saturated carbon in R' , including the optional fused ring, is 
further" optionally- and independently _ substituted _by_ -O^-S, 
NNrV =N-OR 2 , =NNHCOR 2 , =NNHC0 2 R 2 , =NNS0 2 R , or 
=NR 2 , wherein each R 2 may be the same or different and is as 
defined above; and 

e^h substitute nitrogen atom in R- is optionally substituted by 
R». COR 2 , SO* 2 or CG 2 R 2 wherein each R 2 and R may be the 
same or afferent and is as defined above; 

is hydrogen, C,, 2 alkyl, carbocyclyl or heterocyclyl, each of which is 

optionally substituted, wherein: 

the said carbocyclyl or heterocyclyl is optionally fused to one to 
three unsaturated, partial!, unsaturated or fully saturated five to 
S even membered ring containing zero to three heteroatoms, 
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;« u" including the optional 
each substitutable carbon atom in R . including 

hetert^l. halogen, —1. OR 2 , SR 2 , HO,, « L W*. 

^cor 2 rfcomV.rfrf.mW, co,r , cor 
SSI s(o^, « so, 

wh erein each R 2 may be the same « different and „ as defined 
below and wherein: 

„» Cm, alky, »-P <**-»» inC0Ip0rate "To 
insertions selected from the group consisung of -O-, - 

10 C (0>,-N(R 2 V,-S(OV^ d -« 02 > ; , „. 

to C,,, a*yl, C» C,n heterocycloa** 

aryl, and heteroaryl poops are optionally subshtuted by 
« or more o, halogen, —1, unsaturate d or p^y 
saturated cycloaKy,, ary,, or heteroary. OR , SR^O, 

15 CN „bW, nr 2 cor 2 , nr 2 conr 2 r 2 , nrcor, 

NR W. CO* 2 , COR 2 , CONRV, SCO)* 2 . SONH,, 
S(0)R 2 SO, NRV, NR 2 S(0>,R 2 , wherein each R may 
bate same ordifferent andis as defined above-, and 

«. C,„ cydoancy., C,u heterocycloalky,, aryl. and 

20 heteroary, groups, are optionally —ted by one or 

moreCi-iaalkyl 

each saturated ca*on in R", including the optional fused nng^s 
fnrther optionally and independent,, ---^ 

nnrW =n-or 2 , =nnhcor 2 , =nnhco* 2 , -WO* . or 

25 2 '„ • M rh R 2 may be the same or different and .s as 

=NR , wherein each K may uo u 

defined above; and 

each subshtutablenitrogen atominR" is optionally subsftuted 
b ; R 3.COR 2 ,SO,R 2 or CO,R 2 ,whereineachR 2 audR> maybe 
„ the same or different and is as defined above; 



X 



of halogen, haloalkyl, OR, SR , «M2, 
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m'coR 2 , nrW, co*'. cor 7 , com*. 

attyl, C„ alkoxy, Cm**» « C » W *''' "* 

ntr^ o CR<R 6 or Cm allcylene wherein each R 6 may be 
Y is absent or » NR , O. CR°R , or m , 

the same or different and is H, Cm alkyl, Cm atoxy 
and 

■ o S orNR 7 wherein eaeh R 7 may be the same or different and is 

OR', or aryl, where R 8 is independently H, 0^ 
CMhaloallcyl or CMhaloattoxy; 

2 „ lid, e., the radio, R 2 , for exampre in me gmnps SO2NR R 
m *COR 2 , the radicals R 2 may be the same or afferent. 

v • «o„ "alkvl" means a straight ohain or branched 
For me pmposes of Uns mvenbon, ^ ffiost 

*< «*- of 1 » 12 CaA<M ^ Led to methyl, ethyl, n- 
25 drably t to 4 ^-^STri, 

^ 2to6 rr n :rrnri— bn^snot 

containing one or more «*» ^ etc. Tbeterm 

30 ^-^'^rrblL a,kyny, radical of 2 to U carbon 
" W " rl 2 tot In atoms and most preferably 2 ,0 4 carbon atoms, 
atoms, preferably 2 to ^ bonds and inclndes bnt is not 

and containing one or more carbon-carbon trrpl 
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limi ted ,o ethynyl, 2 -methy,e,hyny> etc. The term "cycloaHcyT means - 

lmL to cyclopropyl, cyclobutyl, cyclopenty,, cyclohexyl * 
groups may he optionally substiW - « - - « ^ 
« hlocyclyl or cycloallcyl group. -Heterocydo^r means a 3-12 membered 
— or partl, cycloaTKyl coning one o r .0, hetero atom 

^ J». S - O. «» means . afcyl — - 

one or more halide atoms for example CH 2 CH 2 Br, CF 3 or CC1, 

10 ..carbooyely," rentes to a saturated, party unsaturated or unsaturated 3,0 
numbered hydrocarbon ring, including cycloalkyl and aryl. 

••^r means an aromatic 3-10 membered hydrocarbon containing ; one ring or 

Z — - - - — ^ 01 unsatmated rin8S 

15 timited to phenyl, napthyl. anthracenyl or phenanfhracenyl. 

-Heteroaryl" means an aromatic 3-10 membered aryl containing one or more 
Heteroaryl m ^ ^ ^ ^ fused t0 

heteroatoms selected irom in, w ui 

one or more saturated or unsaturated rings and. 

™ * m membered ring system containing one or more 

"Heterocyclyl" means a 3-10 membered ring y hete rocyclyl 
j * m finrS and includes heteroaryl. The neterocyuiyi 
heteroatoms selected from N, O or S ana ma 

fnsed to one or more saturaiea 01 

sys,em ° a : co " z;;- i s — — 01 

unsaturated nngs; the heterocyciyi w w^carbocvclvl, 

in)i dazolidine, indole, indoline, indoUzme, .nd** .s ndol « 
30 iso^ole, isomiazole, morpholine, napmy -~ 

e^ole, — — + — ; rine , pyran, 
ohenoxazine, phthalazine, piperazme, pipendme, pie f 

pyl.e, proline, pyr— e, pyridine, pyridme, pyrrnndtne, 
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Llhydroforan, tetrazine, tetrazo.e, thiophene, .h.ad.az.ne, dnad.azole, 
triazine, triazole, and trithiane;. 
Halogen means F, CI, Br or I, preferably F. 

Preferably, R is an ary. or a heteroaryl radieal, optionally snooted wi* one or 
Z* oflyl, h» halogen, OR*, SR>, SOR*. (N^ where,n R s 
Z^IS -ted from hydrogen, Cm ** or ^ More prefe^y 
HZ* -re preferable phenyl or nap.,,, most preferably pbeny ; *e 
befercZly, gronp is preferably fnrnnyl, thiopheny,, pyridy. or ^**« 
is phenyl, it is preferably sobshtoted in the 3-(,neta) posrbon or the 4-(para) 

position. 

When R is — ,ed, the preferred snbsntnent is F, CI or Br, more preferably 
Tor haloalKyl, preferably CF3, or alkyl, preferably methyl, ethy, or propyl. 
Mostpreferably.R is 3-fluorophenyl. 

R- is pmferably C„ aHcyl. aUcenyl or aUcynyl. especially when Y stands for an 
1 Cnp E' may also stand for aryl, preferably phenyl, or a heteroary 

ribieh ly be fnsed to one or more ary,, heteroary, , 
beterocycloafcy, rings, each optionally sobsritnted by one or more of a*,,, 
25 halide or alkoxy. 

R " is preferably H, Cm ** (e.g. methyl, ethyl or propyl), aryl, heteroaryl, 
cycloalkyl or heterocycloalkyl. R» is most preferably H. 

30 X is preferably NR 5 , most preferably NB. or a straight chain or branched C, 4 
alkylene and preferably methylene or ethylene; 
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Y is * — — or a -* of — — - — 

or nrethylmethylene, orNHespecialiy when X stand, forNR . 

Z is preferably O. 

5 . i ™thvl- alkvlaryl is preferably methyl or ethyl 

Preferably aryl is phenyl or napthyl, allcylary pr 

carrying one or more phenyl groups (for example -CH 2 Ph or W W 
carrying on substi tuents discussed above e.g. 

the arvl group may be substituted by any oi mc 

r hlrocyclyl - preferably 2-pyridyl, 4-pyridyi, 2-qumohnyi, 2- 
10 S^TSi J—. or ^n,, r 

Lerab* 2-pyridy, or .pyridyi, *. ^J^ JZ** 
membered ring and can be fnsed to one or more aryl, heteroeycly 



group. 



20 Prefers haio g en is P, d or Br; «. is »W — * -* ^ or 
butyl; haloalkyl is preferably CF 3 - 

formula (la) as defined below; 



25 




30 



wherein 

R st ands for earbocyc.y,, — <ed carbocyciyi, bererocyciyi, or — ,ed 
heterocyclyl, wherein 
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the optionally substituted carbocyclyl or optionally substituted 
heterocyclyl group is optionally fused to an unsaturated, partially 
unsaturated or fully saturated five to seven membered ring containing 
zero to three heteroatoms, 
5 each substitutable carbon atom in R, including the optional fused ring, is 

optionally and independently substituted by one or more of C M2 alkyl, 
carbocyclyl, or heterocyclyl, halogen, haloalkyl, OR 2 , SR 2 , NQ 2 , CN 
NR 2 R 2 NR 2 COR 2 , NR 2 CONR 2 R 2 , NR 2 COR 2 , NR 2 C0 2 R 2 , CQ 2 R , 
COR 2 , CONR 2 R 2 , S(OfcR a . SONH 2 , S(0)R 2 , S0 2 NR 2 R 2 , NR 2 S(0) 2 R 2 , 
10 wherein each R 2 may be the same or different and is as defined below 

and wherein: 

the C,-i2 alkyl optionally incorporates one or two insertions 
selected from the group consisting of -O-, -C(0>, -N(R 2 )-, -S(0> 
and -S(0 2 > wherein each R 2 may be the same or different and is 

j 5 as defined below; 

the Ci.,2 alkyl, carbocyclyl, or heterocyclyl group is optionally 
substituted by one or more of halogen, haloalkyl, OR 2 , SR 2 , N0 2 , 
CN, NR 2 R 2 , NR 2 COR 2 , NR 2 CONR 2 R 2 , NR 2 COR 2 , NR 2 C0 2 R 2 , 
C0 2 R 2 , COR 2 , CONR 2 R 2 , S^R 2 , SONH 2 , S(0)R 2 , S0 2 NR 2 R 2 , 
NR 2 S(0) 2 R 2 ; wherein each R 2 may be the same or different and 
is as defined below and 

the carbocyclyl, or heterocyclyl group is optionally substituted by 

one or more C1-12 alkyl, 
each saturated carbon in the optional fused ring is further optionally and 
independently substituted by =0, =S, =NNHR 2 , NNR 2 R 2 , =N-OR , 
=NNHCOR 2 , =NNHC0 2 R 2 , =NNS0 2 R 2 , or =NR 2 , wherein each R may 
be the same or different and is as defined below; and ^ 
each substitutable nitrogen atom in R is optionally substituted by R , 
COR 2 , SO.R 2 or C0 2 R 2 , wherein each R 2 and R 3 may be the same or 
30 different and is as defined below; 

r 2 is hydrogen , C„ 2 alkyl or aryl, optionally substituted by one or more of 
Cm alkyl, halogen, Cm haloalkyl, OR 4 , SR 4 , N0 2 , CN NR R 
NR<COR 4 NR 4 CONR 4 R 4 , nr 4 cor 4 , nr 4 co 2 r 4 , co 2 r, COR, 
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fce C,„ alkyl group optionally incorporates one or .wo — 
.elected from the group consisting of -O, ^> -JP* 

serein each R< may be the same or Cerent and is as «,ow_ 
5 * is C,„a*yl or a., — — . r — 

opti^ly incorporates one or two insertions selected from fte ^oup 
consisting of -O-, -NCR 4 )-, -SCO and -S(0,)-, wherem each R may be 
the same or different and is as defined below; 
R a is hydrogen, Cm alkyl, or C^haloalkyl; 

R . „ C,,r alKyl, C, )2 atony., C, B afcynyl, carboeyely, or heterocyclyl, 
each of which is optionally substituted, wherein: 

the optionally substimted carbocyclyl or heterocyclyl 
optionally fusel to one to three unsaturated, partially unsaturated 
or fully saturated five to seven membered rings containing zero to 

three heteroatoms, , 
each substitutable carbon atom in R', including the ophonal fused 
ring is optionally and independently substituted b, one or more 
of c,, 2 aficyl, C,„ eycloaucyl, C,,a ™« ^ 
heteroary, halogen, haloalkyl, OR^ SR , 

CONRV, SOT* 1 . SONH2, S(0)R , SO, «RV. NR SP^ 
.herein each R 2 may be me same or different and is as defined 

above and wherein: 

the Cm, alkyl group optionally incorporates one or two 
insertions selected from the group consisting of -O-, - 
C(0)-, -NCR 2 )-, -SCO)- -d -SCO*, wherein each R may 
be the same or different and is as defined above; 
the C,„ alkyl, C„ cycloalkyl, C, 12 heterocycloalkyl, 
aryl, or heteroaryl groups are optionally substituted by one 
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or more of halogen, haloaUtyl, OR?. SR* NO, CN, 

co 2 r j cor 2 , conrV, s(o )2 r 2 , sonh, s ( o)r , 

SO.NRV, NR^O)* 2 , hereto each R 2 may *> ^ 
same or differem and is as defined above; and 
^ c ,„ cycloalkyl, C„a heterocycloalkyl, aryl, or 
heteroaryl groups are optionally substituted by one or 
more O-ualkyl groups; 
each sa.nra.ed car** in R'. Ending Ore optional fused nng, is 
toU.er optional and independently ^ 

nnkV, =n-or 2 , =nnhcor 2 , =nnhco*». =nnso,r 

— each R 2 may be .he same or differen. and .a as 

defined above; and R' is optionally substituted by 

each substitutable nitrogen atom m R >s ophonauy 

COR 2 , S0 2 R 2 or CO* 2 wherein each R 2 and R» may be the 
same or different and is as defined above; 

X be *e same or differen, and is as defined above and R . H, Cm 
alkyl. Cm al*o*y, C,,haloalM or C,,ha,oalkyl; and 

• ktp' O CRV or Cm alkylene wherein each R 6 may be 
isabsentorisNR.O.CKK.or j h9loa Jlrvl- 

j ti r .nllcvl CMalkoxyorCMhaloaiKyi, 
the same or different and is H, Cm alKyl, U4 
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For the avoidance of doubt, when a group as defined above contains two or more 
radicals, e.g. the radical R 2 , as for example in the groups SG 2 NR R and 
NR 2 COR 2 , the radicals R 2 may be the same or different. 

5 Preferred R, R\ X and Y groups for compounds of formula (la) are as defined 
for a compound of formula (I). 



Representative 
illustrated below 



compounds according to the first aspect of the invention are 
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compounds of the invention may be provided as a sait, preferabiy as a 
accede sa lt - componnds of « » 

s from oreanic acids such as acetic acid, malic acid, tanan 
5 2 — acid, soccinic acid, tirmaric acid, maieic acinic a«c 

^^.ir acid methanesulphomc acia, 
acid phenylacetic acid, mandelic acid, 

«Lphomc aeid and p-toiuenesniphonic acid, — - - - 
^.tiotie and suiphnric acid and the tike, giving ™— ^ 
10 hLenesuiphonate, p-toinenesoiphonate, hydrochioride and snip^ -* * 
tike, respective* or those derived from bases sucti as organ* and morgan* 
J. Examp.es of snitab.e inorganic bases for me formahon of saits of 
Dases. p hvdroxides carbonates, and 

componnds for this invention melnde the hydroxides, 
b "Lates of ammonia, timinm, sodinm, caicinm, potassmm, ammmmm, tron 
15 J a^inm, - and me iike. Saits can aUo he formed with soitabieorg. 
hi snchhasessm.abieformeformationofpharmac.nt.cailyaccep.ahieba 

alln saits with componnds of the present invention include organ* has 

^ are nontoxic and strong enongh to form saits. Snch organ* bases a* 

L. yw eUknowninthe art and may include amino acids such as argmtne^d 

Hi or trihvdroxyalkylamines snch as mono-, dt-, ana 
20 iysine, mono-, - or > ^ ^ 

triethanolamine, choline, mono, di , ana in y 

famine, - -rimethyiamine, guanidme; * 
n.eu.yipiperazine; morpholine; ethyienediamine; N-ben.yiphenethyiarmne, 
tris<hydroxymethyl) aminomethane; and the hke. 

M Sa.ts may he prepared in a conventions, manner nsing methods weil known in 
TaT Acid addition saits of said basic componnds may he prepare by 
living the free hase componnds according to the rirst or second = 
the invention in aqueous or aqueous aicohoi sointion or other — ^ - 
30 containing me required aeid. Where a componnd of the mvention — an 
acidic function, a hase sait o, said componnd may be prepared by « «- 
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can * obtained by concentrating the soiution e., by evaporation. The 
c^dsofthisinvention.nayaisoe^inso.va.edcrhydratedfon,,, 

The invention afso extends to a prodrug of the aforementioned compounds A 
5 ^anycompoun d that may he converted under phys^ea, condmons 
rt so.volysis to tmy of the compounds of the invention or to a 
^oiacc^hfes.tofmec^oundsofme— « 

may be inactive when administered to a subject but is converted m vrvo to an 
active compound of the invention. 

10 The compound, of the invention may contain one or more asymmetric carbon 
anlay exist in racemic and opticafly active form, The first aspect of 
the invention covers all of these compounds. 



15 



20 



mJo^compoundsofthe^ — roasdefin^— S 
to the process, a compound of the general fonnula (H) in W ^|* ^mderaoes^ 

condensation reaction with the compound of the genera, formuia <BD form 
the compound of me general formuia 0) in which Z stands for oxygen. 



L 2.X-Y-H' 




— V — FT 



* theformniae 00 - 0^ andL^tandformdica^attogemerform , 

aichioromethane under the influence of eoupiing agents such a, for m^c 
WSCHCi, DCC, BOP, PyBrOP, etc., and in the presence of a ternary amme 
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(e.g. triethylamine) and 1-hydroxybenzotriazole (HOBT). Alternatively, the acid 
(II) may be first converted to an acid chloride by treatment with, for example, 
oxalyl chloride or thionyl chloride, and then without purification, reacted with, 
e.g. amines of formula (III). 

The compound of the general formula (I) or (la) 

FV 



20 




HN- " £ 



R" 

in which Z stands for O can be converted into the compounds of the general 
formula (T) in which Z stands for S by action of P 4 S 30 optionally in the presence 

10 of a base (e.g. pyridine), action of Lawesson's reagent in an aprotic solvent or 
other similar reagents. Compounds of general formula (I) or (la) in which Z=0 
can be converted into the compounds of the general formula (I) in which Z 
stands for NR 7 by action of NH 2 OH, NH 3 , primary amine/P(0)Cl 3 system. They 
may also be prepared from (I) (Z=S) by the reaction with NH 2 OH, NH 3 , 

1 5 hydrazine and its derivatives . 

In accordance with the present invention, the compound of the general formula 
(I) can be made from the compound of the general formula (TV). 




(TV) 



The compound of the general formula (TV) can be made from 7-azaindole 
25 according to processes known in the art, see for example Glennon, K. C. et al 
(WOOO/56710) and Viaud, M.-C. et al (EP0737685) and Cheung, M. et al 
(W099/21859). 

An example of a suitable scheme for the production of the compound of the 
30 general formula (TV) is: 
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Br 2 




Zn 



AcOH 





ArB(OH) 2 
■ — >- 

(PPh3)PdCl2 HN- 

(TV) 

Compound (TV) can be halogenated in me 2 position to form a compound of 
the genera, fonnu.a (V) in which ha, stands for a ha,oge„, 
^halogen derivative (V) can be prepared from (IV), e.g. by the acbon 
of neat P(0)C1 3 at elevated temperature (about 100°C), e.g.: 



20 




^ (V)(Hal=Cl) 
(wh ere R is an optional snbs.itn.ed ary, group). Compound (V) can to be 
Ug-ed, e.g. wi* hydrogen in the presence of a sui.ab,e - ^ 
such 1 e.g. paUadium on ac,iva.ed carbon, and snitabie atmne sue* , as e* 
Lhyiaml to form the compound of the genera, formma (V!) - whtch R 
Id for hydrogen. The reaction can be run using a soiution of 
(V)in a^gie soWent (e.g. aicoho,, such as memanol or ethano,) o* a nnxmre 
of events including e.g. an a,coho,, dicmoromethane, cMoroform, etc., e.g. 

Ar Ar 





25 



ci 

(V) O^Ia) 
„ order to make a compound of me genera, I in which R" stands for a radical 
other man hydrogen, me R" radica, can be introduced into the compound of 
formula (VI) 

(VD 

T 

H 
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fa which R" stands for hydrogen by first of all protecting the nitrogen in the 1 
position, e.g. with a phenylsulphonyl group wh,ch may he introduced —g 

group, e.g. phenylsulphonylhalide to form a compound of the general formula 
5 (K) in which prot stands for a protecting group: 



10 



20 



25 



(IX) 



1 

Prot 



Group R" (i.e. a radical other than hydrogen) can be introduced into componnd 
OX) using, for example, aHcyl hthium foiled by a hahde of R" to form a 
^peJ of the genera, formula (VI), in which R" is a radical other than 
15 hydrogen: 




(VI) 



Compound (VI) (in which R" is hydrogen or another radica, as defined ahov 
can he protected in the 1 position*, bialkylsilanyl halide of ore general formula 
(R'Vi-halide in which R» is as defined above for example by the acfion of . 
strong base, such as n-butyllithium on a solution of (VI) in a suitable solvent 
such as tetrahydrotaan, followed by trialkylsilanyl halide (either neat oras a 
sotation in a suitable solvent) to form a compound of the genera, formula (VII): 



30 




(vn) 
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10 



Compound (VII) can be halogenated in the 3 position, preferably by action of an 
of bromine (either neat or as a sohmon in a suitable solve* 
Z as CCW CH 2 C1 2 , etc.) on a solution of compound (VB) in = 
s^lar solvent containing a slight excess of amine (e.g. py^ne) at or ^ 
" temperature to form a compound of general formula (VBQ , 0» ^ 
Idsfor^og^^^^ 

compound, e.g. allcyl lithium such as tertiary butyl lithmm, followed by CQ 2 
form the compound of the general formula (II) 




(H) 



15 in which Z is O and L is OH. 

The use of the intermediates of the general formula (VI) 




"1 ^ 

20 -N^rjT-R- 

H 

wh erei„ R and R are as defined for *e fir, aspect of *he — n ^he 
rnanufacrere of ^compounds of .he genera, — 0) - novo, and forms 
25 third aspect of the present invention 



Examples 



of intermedia.es of me third aspect are illustrated below. 
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A. intermediate of -he third aspect of the invention may be convened into 

„ r,mrpcc for manufacturing a 
ThP resent invention also encompasses a process lor m 

known m the art, as described aD0 ve or a 

10 so formea inx usin a process M 

intermediate compound mto a compound o the « P ^ 

described above or a process known m the art (and opuon y 

descnoea compoimd G f the 

compound of the general formula (1) so torme 

general formula ). 

15 me present invention also provides a composition comprising a o^onnd of 
Z g eneral formula (I) or (la) as defined above in —on 
pharmaceutical* acceptable carrier, diluent or exciprent. 

antiproliferative agent. 

25 suitable carriers and/or dduents are well Known in me art^ inc,de 
pharmaceutical srade starc, manmtol, lactose, ^ ~ ^ 

— ta r: rirzr— or ll 

carbonate, gelaun, oil, alcofcoi, & ^ mn osition or may 

sterile). Tb. composition mav be a mixed prepa^on of a com^ - J 
30 be a combined preparation for simultaneous, separate or sequent, 
(including administration). 
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a- tn the invention for use in the aforementioned 

5 For ora, am—on, » composition * —ted . - 
fcr ctanrp.e scions, syrups, -pensions . en—, — ■ 
lozenges. 

preservative, flavouring or colouring agent. 

15 ■ ■• form of a tablet ean be prepared using any suitable 

A composrtron m tire form a foimu)a tions. 
pharmaceutical carrier(s) routine* used for 
Examples of such carriers include ma^esium stearate, starch, 
and microcrystalline cellulose. 

the active ingredient can be prep & prep ared 

w *lh»rnativelv a dispersion or suspension can oe pi y 
a hard gelatin capsule, alternatively, P 

gelatin capsule. 

50 rr»n~— — 
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Typical parenteral compositions consist of a solution or suspension of the 
compound or physiologically acceptable sal. in a sterile aqueous or non-aqueous 
carrier or parenteral!, acceptable oil, for example polyethylene glycol, polyvmyl 
pyrrolidone, lecithin, arachis oil or sesame oil. Alternatively, the solution can be 
5 lyophilised and then reconstituted with a suitable solvent just pnor to 
administration. 

Compositions for nasal or oral administiation may conveniently be formulated 
as aerosols, drops, gels and powders. Aerosol formulations typically compnse a 
solution or fine suspension of the active substance in a physiologtcally 
acceptable aqueous or non-aqueous solvent and are usually presented in angle or 
multidose quantities in sterile form in a sealed container, which can take the 
form of a cartridge or refill for use with an atomising device. Alternatively the 
sealed container may be a unitary dispensing device such as a single dose nasal 
inhaler or an aerosol dispenser fitted with a metering valve which is intended for 
disposal once the contents of the container have been exhausted. Where the 
dosage form comprises an aerosol dispenser, it will contain a pharmaceuhcally 
acceptable propellant. The aerosol dosage forms can also take the form of a 
pump-atomiser. 



10 
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25 



Compositions suitable for buccal or sublingual administration include tablets, 
lozenges and pastilles, wherein the active ingredient is formulated with a earner 
such as sugar and acacia, tragacanth, or gelatin and glycerin. 

Compositions for rectal or vaginal administration are conveniently in the form of 
suppositories (containing a conventional suppository base such as cocoa butter), 
pessaries, vaginal tabs, foams or enemas. 

Compositions suitable for transdermal administration include ointments, gels, 
30 patches and injections including powder injections. 

Conveniently the composition is in unit dose form such as a tablet, capsule or 
ampoule. 
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In addition, - p- — provides . process —J = £ 
com( „sition according to the — , as d^ b v » ^ ^ 

- *• — - * r "i : :r«" - * — - - 

as the pharmaceutical^ acceptable earner. 

10 „ addition* tire — — — <° * ^J^t ^ 
ro OT W) or a composition contannng the compound, 

therapy/medicine. 

„ f the present invention are inhibitors of JNK, such as JNK1. 
15 The compounds of the present mv ftf the OT esent invention are 

TMK9 or JNK3 In particular, the compounds of the present 
JNK2, or JJN *°' F . - 1 ._ resent invention inhibit 

Hk. of JNK3. Preferably, the compounds of the present 

JNK3 specifically. 

a. „f the oresent invention is that they show a 
20 One advantage of the compounds of the pre* ^ ^ 

good stability to liver microsomes, at leas, when tested 

not rapidly metabolically removed from the body. 

*^-*.~-«*'-"-; 
25 activity is beneficial. Thus, preferably, tins ^ Lntion, as 

general formnla (!) or da), or a ^I.tf ^-mediated disorder, 
described above, for the prevenhon or treatment of M ^ 
The componnds of the general formnla 0) or (Ja) maythus 
inhibition of JNK, more preferably for the inhibitron of JNK3. 

30 , „■ „„w- is any disease or deleterious condition in which 

A ^mediated drs^ - neuIodegeneiaoV e disorder (inemding 
JNK plays a role. Examples particularly 
dementia), inflammatory disease^ ^ ,** 

neuronal apoptosis, autoimmune drsease, destructive 
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disorder cancer, infectious disease, allergy, i— reperfusion injury, heart 
Zt angiogenic disorder, organ hypoxia, vascular hyperplasra, card, 
attacK, ang. g amegation and any condition associated 

hypertrophy, thromh.n.ndnced Platelet ggreg 

with prostaglandin endoperoxidase synthase-2. The comp 
5 invention may be used for any of these JNK-mediated disorders. 

The compounds of me present invention are particularly useful for the 
Invention or treatment of a neurodegenerative disorder. *. part.cu.ar <he 
r^elerative disorder results from apoptosis and/or inflammatron. 
10 Zl TneurodegeneraUve disorders are: dementia; Alzheimer, disease; 

chorea- Sydenham's chorea; hypoglycemia; head and spma, cord trauma 
ctiorea, oy • ^ eP ii e psy and seizures; 

ending traumatic head injury; acnte and ~ M 
oBvopontoc^ebellar dementia; nenronal cell death, hyp 
15 ^generation; acute hypoxia; glntamate toxicity mcludm glutama* 
ZJL* — ischemia; dementia linked to merdngrtis and/or neurosrs, 
cerebrovascular dementia; or dementia in an HIV-infected pauent. 

a he a peripheral neuropathy, including 

The neurodegenerative disorder may be a penpn r 

20 _opamy, — 7~rSOT=l. or 

— — , - - agent; demyehnahng disease 
~ Je or chronic in«ammatory polyneuropathy, 
GuiUain-Barre syndrome; multiple mononenropathy secondary to . «» 
25 vascular disorder (e.g. polyarteritis nodosa, SLE, Sjogren, syndrome) 

mononenropamy secondary to sarcoidosis; multiple mononenropathy secondly 
I a metabolic disease (e.g. diabetes or amy,oidos,s); or ^ 
m „ n oneuropathy secondary to an infectious disease (e.g. Lyme d,sease or HfV 



infection). 



30 



i ~ v,^ ncpfl to orevent or treat disorders 
The compounds of the invention can also be used to prev 
ine coropuu fp.*- ^arnnle inflammatory bowel 

resulting from inflammation. These include, for example, / 
resulting nu _ rrMt ; tis chronic pancreatitis, allergies of 

disorder, bronchitis, asthma, acute pancreatitis, chrom P 
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„. - — «— - — *— ri- 

^veooH.is.Crohn-sdi^e.ps^orgraftv.hos.a.se^. 

u«> orim^ni<?tered simultaneously, 
■ , tlM . nrP c en t invention may be admmisiereu b» 
A compound of the present as an 

10 5 « or — - — r ^ — * 
anti-inflammatory agent e.g. P 38 mmbrtor, gi antiproliferati ve 

agent For example, for acme treatment, a p38 inhibitor m y 
apadentpdortoadrmnisteri „g a compound of me present mvenbon. 

15 . • ,™ will normally be administered in a daily dosage 

* compounds of the mven o « > rf „ , mg ^ 

regimen (for an adult pahent) *f *««** „ 
2000 mg, preferably between 30 mg and 1000 mg, e.g 

compound of the formula (I) or (la), P ? ^ 
emulated as the free base, the compound of continuous 

day. Suitably the compounds will be adnumstered for a perro 
therapy, for example for a week or more. 
25 ,™ relates to a method of treating or preventing a 

30 effective amount. . - - ^ 

^ " t "^JZ ^o, according to tbe seventh aspect. 
may be the subject of treatment O P „ the individ ual 

One or more other active agent may be aumi 
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5 inhibitor for acote treatment. 



th, use of a compound of the general formula (I) 
The present invenhon provtdes the use e P ^ 
or Oa) in the manufacture of a medicament for the preventton or tr 

simultaneously, —ently or sequentially with one or more other 
agent, preferably a P 38 inhibitor for acute treatment. 
15 . i lso provided an assay for 

COmP ° , r^bly « is for me mK3-spec>f>c inhibiting activity of the 

20 "^ll « Ida of the invention may be assayed , in 

compounds The « mpo ^ ^ assays 

in Jflico, or in a primary cell culture 

a* determine inhibition of either the Kinase acuvty or -VP- ' 1 , 
• t A TMK Alternatively, in vitro assays may quantitate the ability 

„n^ and may be measured either by radio.abening the 

rroxin j „ f twk m av be used in these assays, 

is ELISA. Any type or isoform of JNK may be us 
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inhibiting the activity or function of a JNK, p 

aspe ct o f tne present ~ * — ^ ^ ^ a — 

mfojai moddmay lw a kairic acid model in rat or mice, traumatic brain injury 
model in rat, or MFIP in mice. 

Beio.^epresentinvenuonisinu^tedusingnon-Hmitinge.ampies. 



^^^^ , 




HN 



HBr 3 




Br 



Br 



Br 2 



Br 



Br 




Br 



Zn 



Br 



V 



B(OH) 2 



AcOH HN-i (PPh3)Pd C, 2 

O 

4 




P(0)CI 3 




1 . n-BuLi 



Br2 



" JUL 2.TBSCI N -fS py" d,ne 

HN-^ TBS 

8 




TBS 



15 



1 . f-BuLi 



2. C0 2 




N^<s*\_cOOH BOP 




HOBT, r-Pr 2 NEt « 



TBS' 



10 



11 



Scheme 1 
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o 



10 




"fi 

HBr 3 
>- 




Technical (90%) pyridmium -de (220.4 g , 0.62 mol) wa ad*d 

27 !3 g, 0.23 mol) in ,-BnOH (1.36 L). The mi*um wa, surred at ,t for 31, 

-a mi, 021 mol) was added in one portion. After 
more pyridinium tnbromjde (73.3 g, 0.21 rooijw 

. r , o h the solvent was evaporated under reduced 
additional stirring at r.t. for 2 h, the solvent w i~ 
«.Theresiduewas S epa,a,edbetweenwater.AeOEt=l : l(4.2 L ).The 

— -ssrr rr^dsoo 

concentrated to dynessm vacuum. The res,due was ( „ 0nlL)and 
^ )f „r20min.T ll esoHdwasmteredoff, washed w,mCH 2 a^)an 

Jd in vacuum to afford 2 (49,5 g, 75%) as veBow powder. * 
MHz, D MSO- d6 )o7.16(dd,7 = 7.4,5.1H Z ,lH),7.98(dd,7 = 7.4,1.5Hz,lH), 

15 8.19 (dd, 2=5.1, 1.5 Hz, 1H), 11.97 (bs, 1H). 



3«.Tribromo.l^-dihydro.pyrrolo[2,3.b] P yridta-2-one(3) 

Br 




HN 



Br 2 

>- 



2 3 




20 



25 



Bromine (13 4 mL, 0.262 mol) was added dropwise over a period of 30 min to a 

Bromine . e, m86 „o 131 mol) in waters- 

cooled (icebam)andsUrredsuspensmnof2(37.86^ ) t 

BuOH=l-.l (ISOOmL). Cooling bath was removed and the nuxture 

wt^isV and saturated aqueous 
r t overnight. Then the solution was cooled to 15 C ana 

formed, was concentrated in vacuum (bath ,emperature<32 C) unUl ab 
mLof ondensate was col.ec.ed. The soUd was finered off , washed wrihwater 
(20 0 mL), and dried in vacuum to afford 3 (40.85 g, 85%) as tan powder. 



PCT/GB03/01112 

WO 03/082868 

33 



Or I 



10 



15 



20 




Zn 



AcOH 




r- * t r340 g 052 m ol)wasad d edins m allportiontoastixredsuspension 
Zinc dust (34.0 g,U.:>zm ; ^ n 000 mU at such a rate that the 

„ f4n « e0 HI mol) in glacial acetic acid (1000 mL) 
of 3 (40.85 g, 0.111 m j » exothermic reaction; 

(170 mL). After .umngfor 1 hftewoly ecomb . ned 

solid was dissolved m THF (2000 mL) ^ 
^eftl.ra.ewaseoneen.a.ed.od^essi.vaeuun.^o^ U . 

m solid. .HNM R (400MHz,DMSO-d s ) 83.57 (s,2H),7.75 (m, 1H), 
1H), 11-13 (bs, 1H). 

S^ro-pben^^ 




25 



. „ of 4 (16 63 g 78.5 mmol), 3-fluorophenylhoronic acid (16.47 g, 117.7 
A mixture of 4 (16.63 g, 1.0 M 

aqueous Na.CO, sohmou (196 mL, 0.196 m) ^ was 

(470 mL) was refluxed overnight. More WffPWrf* &*> «■ « 

^ ' ; mixture was cooled, and the 

added and reflux was continued for 24 h. The mix 
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10 



wit h MgS0 4 . The solution was concentrated to ^ (2x500 mL). 

— • ^Ld, which 
Theresidue was dried in vacuum to aflord 5 (16. 5 g, W 

C D C,3)63.66(s,2H),7.08(dddd,^84 UU 

, 00 24 17Hz,lH),7.30(ddd,J = 8.1,1.7,0.9Hz,lH), /. V 

o;^ 1 H,,7- 6 9(s,lH),8.3 6 (d., = a. 1 H Z ,lH),8.980 K . 1 H). 





15 



20 



25 



+ wmn* (21 5 mL, 0.231 mol) 
* c n s? e 72 4 rnrnol) in neat P(0)U 3 V" .3 ^ 
A suspension of 5 (16.52 g, /za ™ 

a tinm05 0 Cfor4h.ThemixtureNvasthencooleaior 

was stirred at 100-1U5 ^ ioi varmnn The residue was 

ofNa 2 C03 was added to basitytneaq 

Combined organic solutions were dnedM JO. as eluent 

wa s purified by sificage. chromatography (SOW CH 
i^dienttoafiordrecoveredstarfingmatenal 5(0.6 ^ 

Hz, 1H), 7.33 (ddd,/- 9.9, 2.3,1.° 

Hz, lH),8.53(d,7 = 2.lHz,lH), 11.46 (bs, 1H). 



5-(3-Bluoro. P he„yl)-lH-p,rr.lotA3-b]pyridine(71 
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H 2 /Pd-C 




-a *;^23 e 213minol),10%Pd/C(2.7g),Et3N(3.6mL, 
A mixture of chloride 6 (5.23 g, 21.3 mm overnight More 

25 8 mmol) in THF:MeOH=5:l (180 mL) was starred under H 2 over* ght 

^^^^^^^^^^ 

to20 % AcOEt)toaf^ 

tAA j ^ooHzlH), 7.04-7.10 (m, 1H), 7.33-7.3 / tfn, in,, 
CDCl 3 )86.59 (dd,J = 3.5,2.0Hz,l ) ^ ^ 

7.40-7.48 (m, 3H), 8.14 (d, J = 2.1 Hz, 1H), 8.57 (d, 
1H). 

Mter t-Buty^^ 
b]pyridine (8) 




20 



TBS' 



7 8 

• - m1 mL 34 3 mmol) vras added dropwise 
2 .5M S otationof»-B»U»nh«a»nc(13.7»L,34.3 > 

to a stta ed and cooled (-7 8 °C) — of «« o.e 7 

— ■t^I^^.ai.ase^.ed 

C^Sr^—s^dnedCMsSO., 
with AcOEt (3x). Combm & hexa ne:benzene as eluent in 

concentrated, and separated hy means ^ ^ ^ i HNMR 

gradient (up to 15 % benzene) to afford 8 (7.50 g, 81%) 
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(4 00^,CDa3)50.67(s,6H),0.96( S ,9H),639(d,, = 3.5^^9 

7 . 38 -7.44 (m, 2H), 8.04 (d, 7 = 2.3 Hz, 1H), 8.51 (d, 7= 2.3 Hz, 1H). 
5 3 -Brom<.l-(.ert-bu^d im e«h, 1 . S na„ J lV5.(3.f.uoro-phe„yl)-lH- 
pyrrolo[2,3-blpyridtae (9) 



20 




TBS"" " TBS' 

ana coded (0 »C) -™ of 8 (7,0 g, 21.8 mnrol) and pyn*ne (2 

^nol) in dry CHC1, (330 mL). Progress of fire reaction was Mowed* IXC. 

Zurelaonwaac^a^eonsNaHCO^-N^so^w. 

coacen.ra.ed and purifiedby SGC with ^.benzene - ™ ^ ( " P 
to 14 % benzene) to afford 9 (8.47 g, 91%) as .an sofid. * ™ 

( m , 1H ), 7.40-7.47 (m, 2H),7.97 (d, 7 = 2.2 Hz, 1H), 8.51 (d, 7 - 2.2 Hz, 1H). 

H te rtautyWmeU.yl^lW3.fIo.r<.pbmy»-lH-pyrr.W2^ 
b]pyridine-3-carboxylic acid (10) 

1. J-BuLi 




2. COa 




-COOH 

TBS 

,7Mso 1 nfionof ( -BnU i npen tffl e < 24.8^42.2 rl )wa S ad^s^ 
over a period of 25 min to a stirred and coded (-78 °C) solutron of 9 (8.20 g, 
20 3 mmol) in THF (93 mL) a. snch a rare that the temperature did no. exceed - 
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65 oc After .he addition, the mixture was stined for 1 h at -78 »C. Dry gaseous 

u • A.OFt The aqueous layer was extracted with Acuta 
pnrified by SGC with CH^AcOEt as eluent in gradrent (op to 12% AcOEO 

, t r?l rm 1H> 7.43-7.50 (m, 2H), 8.11 Is, 

0 99 (s, 9H), 7.05-7.12 (m, 1H), 7.37-7.42 (m, Iti), 

10 1H), 8.58 (d, 7 = 2.3 Hz, 1H), 8.61 (d, J = 2.3 Hz, 1H). 

5 . ( 3- F luor..phe„ y l)-lH-pyrro 1 ot2>b ] p J ridine.3^rbo X yncac i d 
benzylamide (11) 



H 2 N 





HOBT, /-Pr 2 NEt 
COOH WSCHCI 




11 



5 *.^-b-^^-u«^'-^»^r ) 

HOKr(,5 mg ,40,^)and^a^40.8^ol)and*e^ 
mixture left to stir at r.t. overnight- Separation by LCMS (CoinbiPrep ODS-AM 
7^) usingwater-acetonftril ^^^ZTU 
20 (233nrg 17 %) as a white solid. 'H NMRC400MHZ.CDC1,) 8 4.70 (d 7-5.5 
ri.l8M=5.5Hz,lH,.7.29-7.44( m ,8H),7.80(s,lH),8,7Cd,7= 

1.8 Hz, 1H), 8.66 (d, J = 2.1 Hz, 1H). 
o<; will now be described: 




10 



15 



20 



l-Benzenesulfonyl-SKS-fluoro-phenylVlH-pyrrolo^-blpyridineC^) 




1.n-BuLi 



2. PhS0 2 Cl 




PhOaS' 



7 12 

2.5 M solution of n-BuLi in hexane (2.47 mL, 6.18 mmol) was added dropwise 
to a stined and cooled (-78 °C) solution of azaindole7 (1.088 g, 5.13 mmol) in 
THF (5.5 mL). After the mixture was stirred for 20 min at -78 °C, neat PhS0 2 Cl 
(0.785 mL, 6.2 mmol) was added dropwise. The mixture turned brown. Stirring 
at -78 °C was continued for 0.5 h. Cooling bath was removed, the mixture was 
stirred at r.t. overnight, and separated between AcOEf.saturated aqueous 
NaHCOa solution. The aqueous layer was extracted with AcOEt (2x5 mL). 
Combined organic solutions were washed with brine, dried (MgS0 4 ), 
concentrated, and separated by means of SGC with hexane: AcOEt as eluent in 
gradient to afford 12 (1.6705 g, 92%) as white solid. *H NMR (400 MHz, 
CDC1 3 ) 5 6.66 (d, J = 4.0 Hz, 1H), 7.08 (dddd, J = 8.4, 8.0, 2.5, 1.1 Hz, 1H), 
7.25(ddd, J = 9.9, 2.5, 1.7 Hz, 1H), 7.33 (ddd, J = 7.8, 1.7, 1.1 Hz, 1H), 7.43 
(ddd, J= 8.0, 7.8, 6.0 Hz, 1H), 7.47-7.53 (m, 2H), 7.57-7.62 (m, 1H), 7.78 (d, J 
= 4.0 Hz, 1H), 7.99 (d, J = 2.2 Hz, 1H), 8.21-8.26 (m, 2H), 8.63 (d, J = 2.2 Hz, 
1H). 

l-Benzenesulfonyl-2.ethyl-5-(3-nuoro-phenyl)-lH-pyrrolo[2^-b]pyridine 
(13) 
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1 . t-BuLi 


2. Ell 



Ph0 2 s' 




12 



PhC^s' Et 
13 

, 7 M sohrtion of r-BuLi in plane (0.7! mL, 1.20 mrno,) was added dropwise 
to a stirred and cooled (-78 °C) solnnon of 12 (352.0 mg, 1.00 mmol) in THF 
(2 0 mL). The mixture turned red-brown. Af.er.he addition, dre mixture was 
stirred for 30 min a, -78 »C. Nea.Efi (150 uL, 1.88 mol) was added >n one 
portion, and tire mixmre was aUowed to reach 0 »C over a period of 1 h 15 mm. 
The reaction was quenched by the addition of saturated aqueous NaHCOs 
so ,utio„. The mixture was men extracted with AcOEt (3x3 mL). Combined 
orgaric soiutions were washed with brine, dried (MgS0 4 ), concentm « - 
purified by SGC wim hexane:AcO E t as e!uent in gradient to afford 13 (138.5 
mg 36%) as white solid. * NMR (400 MHz, dXM 5 1.42 (., J = 7.3 Hz, 3H), 

2 5, 1.0 Hz, 1H), 7.25 (ddd, 7 = 9.9, 2.5, 1.7 Hz, 1H). 7.34 (ddd, J = 7.7, L7 "> 
Hz 1H) 7.42(ddd,7 = 8.0,7.7,5.9Hz,lH),7.46-7.51(m,2H),7.54-7.60(m, 

1H>, 7.86 (d, J = 2.2Hz, 1H), 8.15-8.19 (m, 2H), 8.57 (d, J = 2.2 Hz, 1H). 
2.Ethyl-5-(3-nuoix>-phenyl)-lH-pyrrolo[Z 1 3-b]pyridine(14). 




NaOH 



BOH 




14 



20 



A nature of 13 (50.0 mg, 0.132 mmol) and 10% aqueous solution of NaOH 
(1 5 mL) in abs EtOH (3.0 mL) was refluxed for 40 min, cooled and diluted wtfh 
water (10 mL). White precipitate which appeared was filtered off, washed wn* 



water (10 mL) and dried in vacuum to 



afford 14 (27.95 mg, 88%) as white solid. 
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>H NMR (400 MHz, CDC1 3 ) 5 1 .42 (t, 7 = 7.6 Hz, 3H), 2.89 (qd, 7 = 7.6, 0.8 Hz, 
2H), 6.27 (dt, J= 2.1, 0.8 Hz, 1H), 7.02-7.09 (m, 1H), 7.30-7.36 (m, 1H), 7.38- 
7.46 (m, 2H), 7.99 (dd. 7 = 2.1, 0.6 Hz, 1H), 8.43 (d, 7 = 2.1 Hz, 1H), 9.70 (bs, 
1H). 

5 

Examples of inhibitory potency against JNK3 kinase 

HjKL , JNK2- .TNK3 - SPA assay 

10 A typical assay for testing the activity of compounds to inhibit JNK1, JNK2 and 
JNK3 enzymes is as follows: 

1 . Compound is dissolved in DMSO to a convenient concentration and this is 
diluted in 10% DMSO to a five times concentrate of the desired starting 

15 concentration (frequently 1 : 100). 

2. 10 fxl of 500 mM EDTA is added to alternative wells of the Opti-plate row, 
which will receive kinase reaction plus DMSO. This creates the negative 
control. 

20 

3. For the JNK2 and JNK3 assay, compounds are prepared in six 2-fold 
dilutions with water and each concentration is tested in duplicate. For the 
JNKl assay compounds are prepared in four 5-fold dilutions with water 
which arc tested in triplicate. Controls are treated identically. 

4. 20 ]il per well of each compound concentration is transferred to an Opti- 
plate, in duplicate. 

5. 30 |xl (JNK2/3 SPA) or 50 \i\ (JNKl SPA) of substrate solution (25 mM 
30 HEPES pH 7.5, lOmM magnesium acetate with 3.33uM ATP (JNK2/3) or 

2uM ATP (JNKl), approximately 7.5 kBq [y-33P] ATP, GST-c-Jun, in 
water) is added to each well. 



25 



WO 03/082868 



PCT/GB03/01112 



41 



6. 50 |d (JNK2/3 SPA) or 30 0 (JNK1 SPA) of kinase solution (JHK in 25 mM 
HEPES pH 7.5, lOmM Mg Acetate) is added to each well. 



Kinase 


Kinase per well (ug) 


GST-c-Jun per well (u.g) 


JNK1 


0.25 


1 


JNK2 


0.2 


1.2 


JNK3 


0.16 


1.2 



5 7. The plate is incubated for 30 minutes at room temperature. 

8. 100 |il of bead/stop solution is added to each well (5 mg/ml glutathione- 
PVT-SPA beads, 40 mM ATP in PBS). 



10 



15 



9. Plates are sealed and incubated for 30 minutes at room temperature, 
centrifuged for 10 minutes at 2500g and counted. 

10 The IC50 values are calculated as the concentration of the compound being 
tested at which the phosphorylation of c-Jun is decreased to 50% of the 
control value. Example IC50 values for the compounds of this invention are 
given in Table 1. 



Examples of inhibitory potency against JNK3 
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Table I.IC50 values 



for selected compounds against JNK3 kinase 



i Compound 


JNK3 
TC«f|iM) 




0.78 


rS oil 


0.85 



